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Where Are We Going? VORTICES
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What’s Our Objective in Space? VORTICES

Contrary to conventional wisgom, it is
not simply "Humans to Mars

That is just one of many different
objectives

Apollo-like program and architecture
is likely to suffer the same type of
ending




Lunar Volatiles //(&i

VORTICES

What species might be
present?

Why do we believe volatiles
are present?
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Sources of Lunar Volatiles 43

: VORTICES
Earth geotail

Solar Wind
Comets




Thermal Environment — / @’
Surface Temperature VORTICES
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Thermal Environment — 7@)

Subsurface Temperature VORTICES
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Current Understanding of Polar Volatiles

* Polar craters provide cold traps (<100K)
long-term stability of volatiles / removal
from exosphere

* LOLA data suggest localized areas of
higher albedo — frost?
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Polar Volatiles Summary

* Volatiles released (endogenic / exogenic) and formed in situ.
* Imaging / Altimetry = Areas of permanent shadow.
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Now What?

Do not understand the species.
Do not understand the vertical / lateral distribution.
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What Does it Really Take to Find A Resource? VORTICES

Howdoes Recording truck
seismicwork?

Sound waves are shotdeepintothe
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What Does it Really Take to Find A Resource? . ormces
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What Does it Really Take to Find A Resource?

Sojourner: 36 m/hr
Curiosity: 90 m/hr
MER: 180 m/hr

Lunokhod 1: 800 m/hr
Lunokhod 2: 800, 2000 m/hr
Apollo LRV:  <10000 m/hr

Garden Snail: 47 m/hr
Lunokhod 2: 37400 m

Lunokhod 1: 10540 m
Apollo 17: 7400 m

Lunokhod 2 d "

Lunokhod 1  memm ~
Apollo 17 —
Apollo 15

= Apollo 16 L




What Does it Really Take to Find A Resource? Mq(&.qgs
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Future Mission Activities

Mission Activities (planned — dates and final configuration may change):
2015

* Google X-prize — commercial lander / rover

 Chang’E 4 — Chinese lander / rover




Possible Mission Near-Term Mission )
Results / Implications

Water ice in sample (<50 cm depth
ple { pth) Analysis and Neutron Data indicate

Rover in the light to prospect, extract Apollo hydrogen quantities

and process the ice




Exploration Rover Objectives (Sunlight / Shadow) . ©

* Determine form and species of volatiles (H or H,0)
* Presence and physical state (ice frost, ice-cemented regolith, solid ice)




Prioritized Capabilities

Exploration Rover Resource Extraction

Neutron spectrometer: Locate H, lateral Regolith collection / processing
distribution, identify sampling sites
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Exploration Rover Characteristics

* 500 kg class-rover (including payload)
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ISRU Demonstration / Regolith Excavation VORTICES
Demonstrate
Excavation and transport
Recovery of volatiles
Cryogenic storage and transfer

Requires advanced power, mobility, large
landed payload capacity
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Processing, Storage, Use VORTICES




o

Conclusions

* His present in polar regions in enhanced concentration — but
details of distribution and form are unknown.




